bottle Fluctuations of the air pressure, achieved by using the Flutter® device, produce turbulences inside the airways, which enables the mucus to separate from the airway walls, while the PEP helps increase the airway diameter.
High-frequency chest wall oscillation High-frequency chest wall oscillation (HFCWO) technique utilizes high-frequency oscillations of the chest, provoked by special mechanical devices (ThAIRapy Vest®, The VestTM® Airway Clearance System). The device consists of a pumped belt, attached to a generator of air pulses, which energetically clinical guidelines based on critical reviews or expert opinions? What about the recommendations that are based mainly on tradition, individual experience of physical therapists, and patients' preferences and are frequently not supported by reliable clinical evidence? selected physical therapy techniques Manual inter ventions Conventional chest physical therapy Conventional CPT comprises 5 separate elements introduced by the Cystic Fibrosis Foundation in 1997 18 : postural drainage (PD), percussion (P), vibration (V), deep breathing, and directed cough (DC). The term CPT is often more broadly used to describe airway clearance techniques and does not have to include all the above elements. 18 McCool et al. 19 limit CPT merely to PD, P, and V, while van der Schans 20 to DC or huff, PD, P, and/or shaking (S).
Postural drainage PD is based on a detailed anatomical topography of the bronchial tree. Such positioning allows the easiest outflow of mucus to the larger bronchus, located distally from individual segmental bronchi.
Percussion, vibration, and shaking These methods are based on the assumption that applying an external force to the chest wall to loosen the mucus facilitates airway mobilization and clearance. P involves rhythmical beating with properly shaped hands on the chest wall over specific regions of the lungs and removing the mucus. Manual V of the chest wall can be performed by placing both hands firmly on the chest wall over the treated region of the lungs and making fast pressing movements during expiration and loosening the hands during inspiration. S of the chest wall is performed by pressing the sides of the chest wall with flatly placed hands during expiration.
Positive expiratory pressure by pursed-lip breathing
Pursed-lip breathing is used mainly in patients with emphysema (with diagnosed bronchial collapse). It helps the patient to generate higher pressure in the bronchial tree than in the surrounding alveoli. Such breathing prevents injured alveoli from collapsing, which might occur if no impeding pressure operated against the air trapped in the lung alveoli.
Forced expiratory technique Forced expiratory technique (FET) is performed by making 1 or 2 forced expirations beginning at middle lung volume and ceasing at low volume, with the subsequent period of relaxed, controlled diaphragm breathing. During the technique, the mucus is separated from the bronchial wall and moved to the upper airways where expectoration occurs. An additional technique is expiration with simultaneous generation of the "H" sound (so called huff). The aim of this method is to teach the patient to expectorate regardless of the position and without the assistance of a physical therapist.
CPT and exercise, FET, and cough, respectively; manual vs. mechanical P and V) (TAbLE 1). The effect of CPT on sputum mass was evaluated in 12 studies. Generally, the studies were of short duration, the number of the examined patients was small, and crossover design was used only in 2 studies. Moreover, 6 meta-analyses included in the review did not concern COPD. Due to lack of specific analyses in patients with COPD, we focused on selected studies on CF. Sutton et al. 25 examined the effect of vibratory-shaking on the bronchial radioactive aerosol clearance, indicating lack of significant benefits. Holody et al. 26 suggested the benefits of using mechanical V on PaO 2 in atelectasis or pneumonia, but the sample size was small (n = 10) and there was no comparison or control group. Only 1 study described long-term, 3-year effects of CPT in CF. 27 The following adverse effects were reported: hypoxemia, 28,29 increased oxygen consumption, 30-35 intracranial pressure, 36,37 and gastroesophageal reflux. [38] [39] [40] [41] AD and ACBT can be performed without any adjunctive equipment or additional assistance. Miller et al. 42 compared AD and ACBT in 18 patients with CF using crossover design. They showed that AD and ACBT are equally effective in mucus transport. In a crossover study, Giles et al. 43 found no significant differences between AD and ACBT in sputum clearance and pulmonary function. Temporary desaturation was observed during CPT, but not during AD. Savci et al. 44 assessed the effect of a long-term treatment in a prospective randomized trial and compared AD and ACBT over 20 days in 30 patients with stable COPD. Improvement in forced VC [FVC] , FEV 1 , PEFR, forced expiratory flow (FEF 25-75% ), PaO 2 , oxygen saturation (SaO 2 ), chronic hypercapnia, exercise performance, and dyspnea intensity during exercise was observed in the AD group. Improvement in FVC, PEFR, PaO 2 , and exercise performance was observed in the ACBT group. A significantly greater increase in PEFR, SaO 2 , and in chronic hypercapnia was observed in the AD group in comparison with the ACBT group.
As indicated by Hess, 24 PEP therapy may be as effective as CPT. Studies on PEP have been conducted primarily in CF patients, and few studies on PEP in patients with CB or as a postoperative therapy are available. The role of PEP is known in CF but not in other patient groups. Generally, PEP has been observed to be more popular with patients than CPT, probably because it is simpler and takes less time.
A number of studies compared the Flutter® device with other techniques, 45-53 and the findings suggested similar effects of the compared therapies. One study 51 reported pneumothorax in association with the Flutter® device. Warwick et al. 54 reported an improvement in pulmonary function in CF during HFCWO therapy at 22 months. Arens et al. 55 conducted a randomized trial in 50 CF inpatients. A similar improvement in the clinical status and pulmonary function in patients pumps the belt in and out, pressing and loosening the chest wall, causing air movements in the lungs, and thus separating and moving bronchial secretion to the larger bronchus.
Intrapulmonary percussive ventilation Intrapulmonary percussive ventilation (IPPV) involves breathing with inter rupted positive pressure in the airways. The method is used to remove the mucus from the bronchial tree in mechanically ventilated patients.
search strategy Systematic reviews, narrative reviews, clinical practice guidelines, and, secondarily, primary studies analyzed in the selected reviews and guidelines, published in English between January 1, 2000 and July 1, 2010, were identified using the PubMed/MEDLINE and Cochrane databases (DARE, CRD, The Cochrane Airways Review Group Register). The following key words were used: COPD, postural drainage, chest physical therapy, chest percussion, forced expiratory technique, positive expiratory pressure, auto genic drainage, active cycle of breathing techniques, and high-frequency chest wall oscillation.
Findings From 15 retrieved studies, we included 7 systematic reviews on COPD for further analysis (none of them were based on a meta-analysis), 4 narrative reviews, and 4 clinical practice guidelines. Then, after a hand-search of the included studies, we decided to examine 65 clinical trials of various quality: 18 randomized controlled trials, 23 crossover studies, and 24 other clinical trials. Some of the studies were analyzed for their quality with the PEDro scale, 21, 22 described in detail below. Moreover, we provided the grading of recommendations and/or level of evidence when describing the reviews and guidelines. Of the 99 initially identified studies, only 7 met the eligibility criteria and were included for further analysis. Their quality was low because of a small number of subjects (n = 6-35), heterogeneity of the groups (COPD, outpatients with stable chronic bronchitis [CB] and with exacerbation, brochiectases), and the outcomes determined from a single measure (e.g., sputum weight, radioaerosol clearance from the lungs, functional In a systematic review from 2001, Hess et al. 24 examined the data from 36 studies in patients with cystic fibrosis (CF) (CPT vs. control, PEP, in 79 patients with COPD exacerbations, Newton et al. 69 compared the effects of conventional CPT and inter mittent positive-pressure breathing (IPPB) on functional lung para meters and efficacy of airway mucus clearance. FEV 1 , VC, and sputum volume were analyzed and no differences between the 2 techniques were found. The subjects were divided into 3 groups: men with PaO 2 >60 mmHg, men with PaO 2 <60 mmHg, and women. Patients in each group were randomly assigned to a control group treated pharmaco logically and to 2 experimental groups receiving pharmacotherapy and CPT (group 1), or pharmacotherapy and IPPB (group 2). No significant differences in FEV 1 and VC between the CPT groups and the control groups were observed. Changes in PaO 2 were greater in the CPT subgroup in group 1 compared with the control group, and in the control group in group 2 as compared with the CPT subgroup. Mean sputum volume was only larger in the CPT subgroup in group 1 compared with the control group during the last 3 days of hospital stay. May et al. 58 compared the effectiveness of P, PD, V, and DC, analyzing peak expiratory flow, FVC, FEV 1 , FEF 50% , FEF 75% , and sputum volume. A significant effect of the applied techniques (combination of forced expirations -DC or huff, PD, P, and/or S) on sputum volume was observed. Oldenburg et al. 59 showed certain differences between the applied methods (DC, exercise) in terms of mucus clearance, but the findings were not sufficiently reliable because of a very small study size (n = 8). Surprisingly, such correlation was not found in PD.
In a review from 2008, Hristara-Papadopoolou et al. 70 evaluated the effectiveness of current respiratory physical therapy devices, including PEP, HFCWO, oral high-frequency oscillation, IPV, incentive spirometry (IS), Flutter®, Acapella®, and RC-Cornet®. The authors compared the devices themselves and also made comparisons with both CPT and active techniques. Of the 63 retrieved short-term and 5 long-term studies, only 8 eligible studies were conducted in COPD patients, while 25 concerned CF and 1 primary cilliary dyskinesia. The most commonly used airway clearance techniques and devices were: PEP, HFCWO, IPV, IS, Flutter®, RC-Cornet®, and Acapella® (in 18, 11, 9, 3, 23, 3 , and 1 study, respectively). PEP and Flutter® were observed to be more efficient in mucus evacuation, which was confirmed by pulmonary function tests, while HFCWO and IPV proved as effective as CPT. Only 1 study showed greater effectiveness of HFCWO in comparison with CPT. The authors concluded that Flutter® was the most popular device, an alternative for or supplement to standard CPT, but that it was not supported by evidence of adequate quality and reliability and there were no long-term studies of effects that would refer the findings to patients' quality of life.
Fagevik Olsén et al. 71 conducted a systematic review in 2009 to evaluate the effects of breathing exercises with PEP in comparison with other receiving HFCC and conventional CPT was noted. HFCC might be a good alternative for hospitalized patients with CF.
In their narrative review, Henke et al. 56 presented clinical applications regarding airway secretion in COPD, with such key words as expectorants, surfactant, mucociliary clearance, cough, mucokinetic medications, and physical therapy. DC, FET, PD, CPT, clapping, V, HFCO, and breathing exercises were considered as standard CPT. Unlike CF, the efficacy of CPT in CB 57-60 and COPD 61,62 has been poorly studied.
Of note is the study by Wollmer et al. 60 who recommended considerable caution when using CPT with P and CPT with P and FET in bronchial hygiene. They indicated the effectiveness of the methods of evacuating "analogous to pounding on a ketchup bottle" (which we understand as V and S during expiration). There have been suggestions that ACBT is more effective than cough alone and DC, and might be as effective as PD, V and/or P, and coughing. 63 A In a systematic review from 2006, Holland et al. 64 suggested that techniques that assist the removal of mucus from the airways do not have a well-defined role in COPD management and are supported by limited and unclear evidence, owing to methodo logical limitations of the conducted studies and heterogeneity of COPD, especially in the case of long-term outcome analyses. However, the review supports the physiological rationale for airway clearance techniques (ACTs) in COPD, due to bronchiectasis, excessive mucus production, airflow obstruction, and decreased lung elastic recoil. For these reasons, the effect on lung volumes, expiratory flow, and dynamic airway compression ought to be considered when choosing an optimal ACT in COPD. To avoid airway collapse during forced expirations, they suggest PEP or AD in patients with reduced lung recoil pressure. Also, they recommend that patients accept ACTs as an important component of long-term treatment.
In were assessed using the visual analogue scale and St George's Respiratory questionnaire, respectively. A study from 1978 69 compared IPPV (applied 3 times a day for 10-15 minutes) with standard care. The start and endpoints were daily weight measurement, daily eating and sleep score, daily walking distance in 1 minute, arterial blood gases, FEV 1 , and mean sputum volume. A randomized, comparative trial from 1967 82 compared combination therapy with standard care, but the authors do not provide details of the therapy. The outcome measures were: VC, expiratory reserve volume, functional residual capacity, peak expiratory flow, tidal volume, minute ventilation, ventilation--perfusion ratio, and mucus expectoration. Hill et al. 85 evaluated the effectiveness and safety of ACTs during acute exacerbations of COPD (AECOPD) (TAbLE 1). Randomized controlled or randomized crossover trials were included in their systematic review. Studies on non-IPPV and early rehabilitation were excluded. The main findings were as follows: ACTs did not improve measures of resting lung function or gas exchange; 5-minute continuous chest wall P reduced FEV 1 ; mechanical V and nonoscillating PEP mask increased mucus expectoration in patients with copious secretions; IPV and PEP mask therapy reduced the need for and duration of NIPPV, respectively, in patients with hypercapnic respiratory failure. The techniques were safe for patients during AECOPD, excluding continuous chest wall P. Airway positive pressure techniques may reduce hospital length of stay in AECOPD patients. (TAbLE 2) . Instructions for airway clearance may include: cough techniques, PD, P (manual or mechanical, with a special vest), V, airway positive pressure, 87 PEP or Flutter® valves, AD. The AACVPR suggests that a patient's needs and therapist's expertise play an important role in individual care. Patients treated with bronchodilatators should be informed about the importance of drug intake before applying CP techniques. It is emphasized that patients should be trained in appropriate airway clearance techniques, including massage.
Recent guidelines (2009) of the British Thoracic Society and Association of Chartered Physiotherapists in Respiratory Care (BTS/ACPRC) 88 confirm our findings that there are more studies on the effectiveness of ACTs in CF than in COPD (TAbLE 2) . Most of the formulated guidelines are basically an extrapolation of the evidence from the studies in patients with CF. Furthermore, some techniques, applied separately, are also components of other procedures of airway clearance. For instance, the FET technique is part of the ACBT procedure. However, use of these techniques in accordance with PD is more effective than cough alone. According to the guidelines, dynamic airway compression, induced by FET, does not limit ACTs or no treatment in COPD (TAbLE 1) . Shortand long-term outcomes were analyzed as follows: single treatment/direct effect (immediately/ less than 1 hour), short-time follow-up (<1 week), 1 week to 6 months or long-term follow-up (6-12 months). The pursed-lip breathing technique significantly improved SaO 2 compared with the control group performing breathing while relaxing with music. 72 Two studies concerned Flutter® in 30-minute sessions with indefinite pressure 9 and pressure of 12 cm H 2 O, 73 and the outcomes compared to PD, P, 9,74 and to ventilatory exercises in a lateral position. 9 The amount of produced sputum significantly increased in all 3 techniques, both directly and 1 hour after the interventions. FEV 1 , SaO 2 , sputum volume and weight, and subjective impressions did not differentiate Flutter® from the 2 other techniques. The PEP mask with resistance of 10 to 20 cm H 2 O, combined with FET, was less effective in airway clearance than PD with FET, 74 but 9 of 14 patients preferred the PEP mask. Four short-term crossover trials (7-27 subjects) showed improvements between 1 hour and 6 days after treatment.
14,75-77 Only 1 study, 14 from 2002, was classified as representing adequate methodo logical quality. It showed sputum wet weight increase and decrease during non-IPPV in patients with the PEP mask, as compared with controls, but other authors 76 did not observe differences in daily bronchial secretion between patients treated with the PEP mask and FET combined with PD. PEP combined with FET increased diffusion capacity and improved 6-minute walk distance and cough efficiency compared with FET alone. 78 Christensen et al. 62 applied the PEP mask with expiratory pressure of 10 cm H 2 O, 15 minutes, 3 times a day, for 6 months. Compared with placebo, no differences were found in pulmonary function, arterial blood gases, number of exacerbations, and hospital stay, but medication intake and sputum amount differed significantly. In another study, 79 the authors claimed that the PEP mask with individually adjusted expiratory pressure should be applied by patients themselves, twice a day, for 12 months. Positive effects of such training (increase in FEV 1 , decrease in the number of exacerbations and drug intake, reduction in adverse symptoms) were observed compared with diaphragm ventilation alone. One study 78 described the effects of the TheraPEP® procedure, performed twice a day for 4 weeks. PEP combined with FET resulted in an increase in diffusion capacity and improved 6-minute walk distance and cough efficiency in comparison with the control group who received only FET.
Tang et al. 13 systematically reviewed 13 studies from 1964-2005, including 6 randomized trials 14, 69, [80] [81] [82] [83] with no blinding of subjects and therapists, but with blinding of assessors in 1 trial.
84
Only 4 studies of satisfactory quality and reliability were included in quality assessment with the PEDro scale.
14,69,80,82 Basoglu et al. 80 compared incentive spirometry (5-10 breaths, every hour) with standard care. Dyspnea and quality of life recommend CPT treatment in COPD inpatients, as home-based therapy, and in patients recovering from AECOPD. Incorporation of PD, P, and FET is recommended in the ATS/ERS guidelines from 2006 89 for facilitating airway clearance in COPD patients with bronchiectasis. Furthermore, the guidelines suggest that the use of the PEP mask and assisted cough in patients with AECOPD is more efficient than assisted cough alone in airway clearance.
The BTS/ACPRC guidelines from 2009 88 recommend the following ACTs for patients with stable COPD: ACBT (including FET), AD, PEP, or oscillating PEP.
Conclusions Narrative reviews and a few systematic reviews have been published that raise concerns as to the lack of evidence to support the use of various secretion clearance techniques in COPD. The available studies have major methodo logical limitations. Most of the studies were small, used crossover designs, and only a few used sham therapy. Many studies were limited to short-term outcomes such as sputum clearance with a single treatment session. Moreover, some authors used single outcome measures. There are no health-related quality-of-life analyses, including working and exercise capacity, as well as hospital length of stay. The evidence from studies in patients with CF cannot be directly extrapolated to COPD subjects, but despite this, clinical practice does support the value of CPT in COPD. When deciding about the possible use of CPT, potential side effects should be considered. We believe that future research should also focus on more appropriate matching of physiological effects of individual ACTs to the pathophysiology of COPD, and additional research should be conducted on the quality of life. Also, dosage and treatment methodology should be standardized and best practice guidelines should be established. mucus clearance in COPD. PEP and oscillating PEP devices are as efficient in airway clearance as traditional CPT. The guidelines also underline patients' preferences in selecting the technique of airway clearance. PEP devices (with or without oscillation) are suggested as an effective alternative to PD and manual techniques. Little is known about the efficacy of airway clearance when traditional PD and manual techniques are supplemented by supportive techniques, such as FET or PEP. The guidelines indicate that the efficacy of PEP has not been compared with the efficacy of ACBT or PD in COPD.
The American Thoracic Society and European Respiratory Society (ATS/ERS) 89 suggest that a combination of PD, P, and forced exhalation improves airway clearance, but not lung function, in AECOPD. Supported cough and the PEP mask are more efficient than supported cough alone.
The Global Initiative for Obstructive Lung Disease (GOLD) 4 recommends techniques that facilitate evacuation of the mucus from the airways in AECOPD by evoking cough and forced expirations of low volume. Manual and mechanical P and PD may be beneficial in patients evacuating over 25 ml of sputum a day (difficult to determine as patients frequently swallow the sputum) or in patients with atelectasis.
CPT has been commonly used in patients with COPD. Various, even very renowned clinical centers apply physical therapy as an important treatment component, especially in hospitalized patients. A detailed analysis of the available evidence may suggest that recognition and, in some cases, recommendation of ACTs in COPD have been extrapolated from the findings concerning their efficacy and safety in patients with CF. Tradition, routine practice, as well as patients' preferences and expert opinions, which are not supported by reliable evidence, also play an important role. There are no clear guidelines as to when exactly CPT treatment should be administered in the course of COPD, which may raise doubts about its application. The above GOLD guidelines 4 TAbLE 1 
